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ABSTRACT
A computmtlinaged instruction (CHI) package to teach

BASIC prograalatng together Vith questions to be answered in its
evaluation, are described. The training package consists of 16
'learning modules coupled; an interactive CMI system 'generates
pretests and posttdsts for each module and branches students to the
next appropriate module. It is intended 'to be sold to customers,to be,
used in a self-paced- mode. Evaluation questions pertain to (1)- what

. percentage of customers will use the CMI system, (2) whether' students
Will use the tests as.intended, (3) whether a sequentiil probability
test ratio ,wilt reduce test length significantly. (1111 whether test
reliability is maintained, a d (5) whether all test- i ems are working
properly. (Author/01i)

. ,

t

t

. 1

`

of

. .

It*****4****i****191t*********it******************************************
* Reproductions supplied by'EDRS are the best that can,be made *.
* $ from the original document.
*****,******************************************************************.

ti .



4.

U S DEPARTMENT OF NEALTH.
EDUCATION &WELFARE
NATIONAL INSTITUTE OF

EDUCATION

THIS DOCUMENT HAS BEEN REPRO.
OUCED EXACTLY AS RECEIvEu FROM
THE PERSON OR ORGANIZATION OE IOW-
ATING IT POINTS OF VIEW OR 0400441004$
STATED 00 NOT NECESSARILY REPRE-
SENT OFFICIAL NATIDNALINSTITUTE OF
EDUCATION POSITION OR POLICY

*'N

$

.0

EVALUATING INTERACTIVE, COMPUTER - MANAGED INSTRUCTION

Jesse M. Reines

.ABSTRACT

-

This paper cesdrimie the evaluation of a new training package .von

OAEIC.language programming. The training package*consists of 16
learning moaules coupled with an interactive Computer-Managed

/Ii struction (cm)' system. The CMI .system generates pretests and'
posttests ,tor each of the moaules in the cOUtSa. The entire
training package is intended to be sold to customers to be used

in ,a self-paced mode. Tni's paper aiscusses the strategies that
are being employed to evaNate this approach to the quality
control of self-paced instruction.
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THE BASIC PRIMER: COMPONENT.PARTS

Rage '17--

..' .
. . ..

The BASIC Primer is -a new self-paced course on BASIC language
programming. This course consists of .16 modules which cover
topics from simple input/output and computations to the use of
sequential and virtual array files. Each module has iclearly
stated behavorial objecto.ves, text and graphics to .instruct the
learner on the topics being presented, and exercises to be per-
formed both on paper and on a computer system to reinforce ehe
concepts -being presented. .

Before each module, students are given the opportunity to take a
pretest on that module.. If they "pass". this pretest, they.are
"instructed to go on to a other module. /f they do not pass the '

QP

pretest,: they are ask 'to study the module and then take a
posttest; Students wh pass this posttest are routed to the' next
appropriate module. StudeRts who do n pass the posttest are
told the numbers of the iobjectives.on WEIch they missed' ktems,-

'a.Ke asked to study these objectives again and do any exercises
that they skipped, and Aen take another posttest. This process ,

is flowcharted in Figubb
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Figure 1
,

INTERACTION BETWEEN ON-L E CMI SYSTEM
AND OFF-LINE TRAIN G PACKAGE
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All of the. `tests for this course are stored on the student's-own
computer system. This can be a large timesharing system or a
s:71x1 stand-alone system. The software developed for'this study
is itten in a subset of the BASIC language: It can therefore
be translated to a variety of operatingsystems quite easily.

$

CMI SOFTWARE

ka

The computer-managed instruction system consists of .three main
programs. These are the Registration Program (Cmi), the Router
Program (ROUTER), and the Computer-Assisted Test Administration

. Program (cATSTR). Two other.aubproirams are also included in

this system: the New StuclentiRegistration Program (REGSTR) and a
Feedback Program (FEEDOKI. Students move through-these programs
as illustiated in Fi/Ur4 2.
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Figure 2
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The Registration Program

The. main Registration PrOgram (CMI) dies tWo basic things. .

First, it asks the pser tor his or her code, name. ThrsunAquely
identifies each stdbent so that the dates stored on his obher

. work will be contidential. Second, it 'uses this'code name to
search for student-specific data in the roster file. This data
includes the student's first and last names, -his or her _course,
and the type of terminal that that student is using. If a stu-
dent has not yet registaded on the CMI system and selected 4 code
name, he. or she is directed .to press the RETURN key *ithout
typing anything else. *drhis causes thei.system to branch ,to the
NewStudent Registration Program (REGSTR).

heNew Student' Registration Program allows students to register
hemselves on the system. This feature is required because the
raining package is intended to be used without an instructor.

The students enter their terminal types, their names, ana their
addresses. They are tnen asked several demographic questions
regarding their age and education and motivation for taking the
coarse. This'demographic data will allow us to look" for trends

4 in student achievelient and correlate these with certaih student
factors.

$

'Ike New Student Registration Program alsoproduces a text file of
the data that it collects -trom the student. Students are in-
structed to print this file on gaper and mail it back to t
oourse developient group. These pap4r registratiOn tom re
kept on file for t$o reasons. First, it allows the cour
opment group to sendlout "tickler" letters to stude' who have
not c eted the c urse. within a reasonable unt of time.
Seco d, i ailows" us to get some data on the mber of students
who start he course ut do not complete i ,

The purpose of the lout program (ROUTER) is to identify the
to t that the stgde rs about to take. This is not always a
s ple matter. The 116 modules in The BASIC Primer have specific

erequisite relationships. These prerequisite relationships are
shown in the module main Figure 3.

This module map is read in the tollowing man er. First, one
begins at the bottom. After completing Module 1, one moves up
the map to Module 2. But utter Completing Module 2, one has the
choice of studying either Module 3 or Module 4 because 2 is the
only prerequisite to each of these modules. 'A ditteren kind of
relationship exists between 316aules 12, '131' and 16. In this
case, a student must complete both Moduies'12 and 13 h t e he or
she can tacklendpke 16.

. ;

The Router Prigram has an algorithm which readS in the LJserequi-
site modules or each of the 16 modules in the course and stores

0.
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theib in, an array. -This array, combined witty the student status
on each of the modules in the course, is used to determine for
which modules the student has met the prerequisites. If(the
student has met the prerequisites for only one module, the appro-
priate pretest br.posttest for that module istgenerated. If,a
student has met the prerequisites forAyore than one module, he or

'she is Oven the choice of. the module Eo boil tested,. 1kIn this way,
the system' assures that students' go througb,the course in the
manner in which it was intended. This constraint strengthens the
instructional dedign of the Course by guaranteeing that each
student possesses all of the prerequisite knowledge required for
etch module that he or she is going study. The system does
not allow a- student to take a test on a module for which he or
jibe has not mastered all of the prerequisite modules.

I

Figure 3
.

PREREQUISITE RELATIONSHIP HtTWEEN MODULES
IN THE BASIC RIMER
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The Router Program also gives' students the option of displaying.
their :statuses ,on each of the modules in the course. These
stotuses are reported as:

. .

.

Not attempted . 1 ,

\

Pretest tried but not completed satisfactorily b

Pretest completi'd satisfactorily; posttest skipped
.

Posttest tried but nci,t completed satisfactorily
'Posttest completed satistactorily .

),

Students are allowed to take wpretest.for a Ipdule only once.
All subsequent tests are automatically interpreted as posttests,
because it is assumed that if a student does not pass a pretest
he or she will go and study the corresponding module. StOdents
are allowed to take posttests as many times as necessary to
complete them satistsetorildy, i.e., demonstrate mastery on all,of7_
the objectives in that ,module. (Tests are generated inteiac-
tivelx in real time, so no two tests are exactly alike. See the
discursion,below.)

The _Testing Program

The Computer-Assisted Test .Adminisation ,program (CATSTR) gener-
ated bog: pretests and posttests. These tests are administered

.to students at a computer 'terminal. The purpose of the Computer-
Assisted Test AdMinistration Program is toclassify the student,
as either a master or a non-master on the ppecific Viodqle being
tested, and to ake this classification ifi a minimum amount of
time. To accomplish this, the Test' Administration Program evalu-
ates each stpbe Cresponse with a sequential probability test
ratio. This algorithm is discussed briefly below, but has been
described elsewhere in detail (Reines, 1978a and 1.9'/8W.

°

The algorithM evaluates a student's score after each item is
presented:. Tigis evaluation is used Ao dkasSify the student in
oce of three categories. rf the -student's score .exceeds a mas-
tery threshold with a predefined level. of confidence', the student
is classified as a master Snd testing is terminated.. If the
student's score is ;ess lhan a non-mastery ..th.eeshOld with1
specified degree of confidence, the student i3 classified as a
non-master. If the student's score tails within thepe two
thresholds, another item is presented. Once the student aspolads
to this item, the evaluation algorithm is repeated". ,

Using the sequential probability test ratio, it is possible for a
-

student to remain forever in the "uncertainty band" between the
mastery and non-mastery thresholds. ',For'this reasonetesting is'
terminSted atter 30 items have been, presented regardless of thp
studept's score. At this point, the student ikOlassified as
either a master or a non-master by determining the threshold that
his or her current score is closest to.

A
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Thirty is a rather large number of items for each module. To \
make the tests truly repeatable, more than'30 items are needed in
the item bank' for each module so that the randomized selection
process does not produce identical tests F*4The BASIC Primer,
there are 754 items in the entite bank. This,allbft an average
of .about 45 items for each module. Since. it is expected that
very few teats will actually bb 30..itempiodg, this average is
sufficient to yield a very large number of datterent test corms.-
Students who demonstrate mastery on a test are bianched back to
the Router Program. They then select the nextmodule"on which t

they would like to be tested. Students who do not demonstrate
mastery on,a, test are told the obJectAves on Which they missed
items. The CMI system then halts, and students are directed tb
do additional' study otf-line.

.
-

Students who have completed all of the modules i4 thecourse are
branched'fo the Feedback Program. This program asks for student
,comments on the course and generates another data listing file.
This listing lire verities that*the studedt has earned a diploma r
and contains othet data that is needed by the course development
group to'evaluate the training package. Students are directed to
mail this file back to the course development group either on a

.'machrne-readable media, or they are asked to print this tile on
Alper and mail it. In either case, this data iscombinedwitH.,
data from other students in other training locations by a large

.."`\ system wcthin the course development gfoup. It is this feedback
data thatis used to evaluate-,,,the training package as a whole.

EVALUATION QUESTIONS AND STRATEGIES

The data
,

described in the preqeding section
.

will be used to try
-

to answer five research questions oh the system. E.Ch of these'
questions and the strategy that will be used to evalu te the data
it described in the paragraphs that follow. .

"------./ ,

U) Wftat percenta§a ofecustomers who study-the training materi-
als will use the CMI system?

1 .

, .

..._.. 4 .
There are two ways, in which we will know how many students
'ire using The BASIC Primer. .First, we will have data on the
number of CMI systems~ in use from our corporate sales daea. A

Second, we will have some idea of the number of students
taking the course by the registration forms that are gener-
ated by the New Registration PrograM. These two pieces of
data, taken together, should give us a good idea of the num-

-
.

.
.

,

.

.

,

ber of people who at leant began 'using the system.

.

T'After any studs has completed the first ten modules of the
. colirsel.a new listiqg tile wi I be generated for fhatstu-

della'. This file will contain he status data on all of the, ..-..r-
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students who are regiAtered on that system. FroM this data.-
'we win be able to ascertain how'many students began the
course but,did.not'cbmpleteit. That isl we should be,able
'to know how many students began Usingthe testing system and
didenot\continue. If we find -that a large number.of stuT,
,dents' tall into .this caI.egory, it will be nec/ssdry for us
to investigate further the reasons that they discontinued
the use of the CMI system. Most importantiy, we would like
to know whether they syldying the modules but lust f
gave up studying the testy. Irthis is the case, It Will be.
clear that the CMI system did not fulfill its goal. On the
other nand, if we tindthatmost students'did .continue to
use the CM system, the status data generated.at this point
will give ,us .an excellent picture of how the system and
mastery algorithm are working.

(2) 'Will those students who use the CMI system' use the tests as
. intended? .

r

. ,. .. f
/n addition to updating the. status records for a partiCular,
student each time _that. he orishe takes the test, the system
will maintain's-fest history file. Thii file.wiLl record
.data on each test that is adminiStered in chronological
order. Each test 'history iecoid will record

4,

the
1

student. numbek, .

the module being tested, ,

wnetherthe test being. administered is a

pretest or a posttest; .

whether the -test being -administered is a

normal test or a special 30 it6 test (used
too measurements.; See belota),
and

the date and time,that the test. Kas started.

,

. This data will allow us to ascerain whether a studeht .is.
just retaking tests one right after the other tor actually

. studying between test administration;'. .We will assume that
if a student repeats a test in leps than ten minutes, that
he or she did not return to the materials betore requesting

:4('Aa retest. On the other haild, if we find that the tip
A between, repeated tests is on the order of 15 to 30 minutes,

ide will assume that the student Aid look over the material
,
and possibly do additional exercises betore he, Or she re-
turned to the system for a rtest.

The test history tile will also' tell us the order in which,

tra which we can analyze to assure that the Router*Program
sIr gos through the course modules. It will provide a

did, not allow students to go on to more advanced modules
before they met the prerequisites.

e
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(3) Does the sequential probability .test ratio: reduce test
lengths significantly? .

.

4' Each module. on the system has an associated log filet Pne
of the types of data that is stored in this log tile is' the
length of each of the tests that is taken. These, lengths
are recorded .in tour. categories. They 'are recorded for.,
masters bn pretests, non-masters on pretests, masters 'on

* posttests,' add non-masters on posttests., If the sequential
probability test ratio* works' properly, we should find that,
the lengths of non-master testsrare signiticahtly less that
the lengths of taste; ,tests. In addition, we should find -

that pretests on which mastery decisiong were made are, on*
the average, longer than posttests on which Mastery deci-
sions are made. This. result should occur because the cri- *

teria for mastery. on pretests are more stringent than 'the
mastery criteria on posttests. In.addition, we hope to Lind
that theaverage Length of a test is considerably shorter
than 30 items. Tnis will indicate that the sequential
probability test ratio -was useful in reducing test lengths.

TwOr- additional items that are stored Yor:each student wills
. help us ascert6in whether any reduction in test length dhe

to the sequential !Probability test ratio is signiticant.
These items are the total amount of time that each student

. spen't teitimg, afid.the total number of test items thgt were
'presented tdthat student. 8y dividing the total time by
the total number of items, we will have an rhdicator of the
average amount of time that it takes for a4tudent to re- ---
dpondtto a single test item; By looking at the..numper of
-tests that, the student has taken and the amount ofltime that.

4 would have been required if these,had been nixed lengths
tests oArsifir. 20 or 30 items, we will- have an indicator of
the amount of time saved by using the sequential probability
test ratio. Again, the decision algorithm will prove itself
useful- if the amount of'time.savedAs a signiticant portion
of the total,amount oftime spght testing.

te- (4) Is test reliability maintained elp
probability test ratiocauses shod'
tered?

/.
tit

To dbtain A measure of.gthe tests' reliablaity, every fifth
test( that is administeredtd a student will be,torced to30
items long regkidless 'of, the. results- of, the sequential

. probability test ratio.- When this occurs, the system'will
record.t4O 'decisions for the stddent. Tt will first. ,record
the decision that it would have bade if:testing haAd been
tevminated as soon as possible by applying tae
probability test ratio. It will then continue the test and
record the decision that is made after 30 items have. been
presented, These two decisions will be 'compared 'in a 2 x.2
contingency table. The analysis of this contingencY table

a

when the sequential
sts to be adminis-

10
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. will be made by applying the G index. This index" is a
refinement by Livingston (1976) of the percentage _of agree-

t ment first described by Carver (1970).

",

4CLASSIFI-
CATION ON

T2 Non-MasberIbidi
+ + -+

>.

CLASSIFICATION ON Tl

Non-'
Master master

Master I a I c I

+-- - -+ /**

, Figure 4

FRBOUtNCIES OFAGREWNT BETWEEN MASTERY
AND NON-MASTERY CLASSIFICATIONS ON

TWO SETS OF TEST DATA

r.

.!

Using the contingency table in Figure 4, Carver defined the
percentage of agreement as:

PO a +d

a+b+q+d

This measurement varies betAn 0 ,and 1.

Swaminathan et al. (1974) agreed with "Carver't concept of
--criteridn-referenced reliability as a coeffkciehst of classi-
fication, but preterreli a more sopnisticated bomPutatio
known as the kappa coefficient. Swezey Pearlitein
(1975) preterred an even' morb sopnisticated apprgachknown
as the coefficient. Living4ons coefficient, .the G
-Inaex, is simply: '

.,'
. .

..,., .

This coVficient vii lies between -1 And +1, abd is therefore
compatible with the-kappa and asi coetticients. (A more de- .

9.

r.. tailed discussion of this:mathematics is provid d imileines,
!1974b.) 0 .

0 ' 1 .1;

% %
N . , .

. .
,

? "11.1 ,
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(5). Are allof the test i ems on the systemworking properly?
/ N,

t I
"

# -In addition to° the test length data, the log tile tor each
module also records item analysis data. This -.data' is 'a
tally of the, amber of times of that each' iesponse was ,

I

chosen for each question pretented. tike.the Best length
data, the item analysis. data is separated into tout 'cati
goriet. Thetas, tallles)are

4W
kept separately* for

pretests oii wnrch mastery decisions are made,
4 A.

*.. 'pretes.p. on which non-mastery decisiops were'
. .

it

made, ,

posttests on which mastery decisions wer made,'

..

, and '
. :-

4' posttests on whictr.non-mastery, decisio were 4

. '.. . made. .4

. 1 %:4. 4l 4

'This, allows us to compute prete Wposttest and'masterinon-
,

master discrimination indices. Theretore( we will be .able
to ascertain how well each item discriminates- between mas-
tertiand non-masters as well as now well it discriminates

. between pretests and posttests. The log Asia from vasriops'
Mining.- sites will be combined to *gve us a "large .data
sample. This .should make the item analysis very signifi-
cant. ..,---

O

la

.
.:
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The BASIC Primer is theitust computer -based course being ottered
-by Digital Equipment Corporation, We 'reel that the use of the : .

computer' in -our cuitent mode gives us thepowerleb eyalUate gur
training materials 'o*tojectivelY. Never_ before have 'vie been able

'to cOliect this typi, of data son i-training_course,. If- the CAI'
system fulfills its goals, it will, only' improve ihdqudlity
.control of our courses., butwit willfprovide bs with avehicle'for
.improving all of the courses that we of.fer in this mode .Th4-
BASIC primer and its complementary CMI systei are currently-beTg
teSted, in selected jite.s in New England. The final version of
tnid traZning package should'be availaT.e to Ctrsomers h the,

.
,

spring of.1979:- r ,
. 1.' a. a
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